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operator  specialized  and  advanced  knowledge  about  the  transport  process modelling  and 
numerical methods [1]. Here, a very  important stage  is  to select an appropriate numerical 






non-structural  [1]. The  structural grids  are whole constructed of hexahedral  elements  and 
their surfaces have four edges. They are characterized by a regular structure, which limits 
their  applicability  to  a  relatively  simple  geometry  and  for more  complex  geometries  the 








of  the  numerical  grid  density  on  the modelled  apparent  viscosity  and  hydrodynamics  of 
non-Newtonian fluid flows in a stirred tank equipped with the Rushton turbine. They found 
that  a  slightly  better  compatibility  of  numerical  simulations  results  with  corresponding 
























In  the  ANSYS  Workbench  Meshing  14.5  preprocessor,  three  numerical  grids  with 
different number of computational cells were generated. The first grid divided the volume 
of  the  stirred  liquid  into  about  79  thousand,  the  second  into  about  798  thousand  and  the 
third  into  about  2  million  computational  cells  (Fig.  1).  The  average  values  of  the  basic 
parameters defining the quality of the generated numerical grids are summarized in Table 1.
T a b l e  1
Parameters of the generated numerical grids
Grid 1 Grid 2 Grid 3
Numerical cells number 79 251 798 237 2 001 880
Element Quality 0.77 0.84 0.84
Skewness 0.34 0.23 0.22
Orthogonal Quality 0.81 0.86 0.86
Analyzing  the  parameters  of  the  generated  numerical  grids  it  was  found,  that  grid  1 











Numerical  simulations  were  carried  out  for  the  turbulent  flow  of  the modelled  fluid, 
the calculated value of Reynolds number for mixing was Re = 24 800 [‒]. The commercial 
CFD  software ANSYS  Fluent  14.5. was  used. Modelling was  of  a  three-stage  character. 
In the first step simulations were performed for the laminar flow of water using a Multiple 
Reference  Frame  (MRF) method. After  reaching  convergence  of  the  iterations,  the MRF 
simulations were continued with enabled turbulence model. To simulate the turbulent flow 











































































3. Results and discussion 
Maps of the mean velocity obtained after the completion of the second stage of numerical 
simulations  conducted  by  MRF  method  are  presented  in  Figure  2,  for  the  three  grids 
of different number of computational cells.
Based  on  the  average  velocity  distributions  with  their  maps  presented  in  Fig.  2, 
it was found that qualitative and quantitative distribution of the fluid velocity in the mixing 
tank was  similar  for  all  the numerical grids. The differences can only be observed  in  the 
velocity  distribution  close  to  the  impeller  blade  region.  These  differences  are  especially 
apparent in the case of the lowest grid density and the worst quality mesh. There were no 
significant differences between  the distribution of velocity  in  the case of  the meshes with 
densities 798 thousand and 2 million computational cells. Therefore, because of the much 
shorter  calculation  time  for  the  grid  with  798  thousand  cells,  this  grid  was  selected  to 
further simulation performed in the transient mode.
After  completion  of  calculation  in  the  transient  mode  the  mean  velocity  vectors  in 
a mid-plane between two neighbouring baffles were computed from results of the numerical 
simulations and presented in Figure 3. The velocity vectors were compared with analogous 







For  this  purpose,  the  simulated  values  of  three  components  of  instantaneous  velocity, 
vi,CFD (i  =  z, r, t),  from  ninety  consecutive  time  steps  were  collected,  what  corresponded 




giving a dimensionless values of the average velocity, V I Z R TI , ( , , ).CFD =  Next, the profiles 
Fig.  2.  Results  of  MRF  numerical  simulations  with  enabled  k-ε  turbulence  model 






of  the  impeller.  Sample  profiles  of  the  dimensionless  average  velocity  components  at 
height z = 17 [mm] are shown in Figure 4a. Profiles of the three non-dimensional velocity 
components obtained after the second step of the simulation (using the MRF method) and 
from  the  literature  data  [7]  for  the  LDA measurements  carried  out  for  the  same  system 
are shown in Fig. 4a. Analysing the mean velocity profiles, which are shown in Figure 4a 
it was found that velocity distributions predicted by numerical simulations were qualitatively 
similar to that obtained from experimental LDA measurements.
Based on the instantaneous values of  the three components of velocity, vi,CFD, obtained 
from  the  simulations  for  ninety  successive  time  steps,  the  values  of  fluctuating  velocity 
components,  ′vi, ,CFD   in  the  axial,  radial  and  tangential  direct  were  also  calculated. 
The values of the fluctuating velocity components were divided by the peripheral velocity 
of  the  impeller,  v
TIP
,  resulting  in  a  dimensionless  values  of  the  fluctuating  velocity  
Fig.  3.  Vectors of mean velocity  in  a mid-plane between  two neighbouring baffles: 
a) numerical simulations, b) LDA measurements [7]
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components,  ′VI , .CFD   The  profiles  of  dimensionless  values  of  the  fluctuating  velocity 
components were shown in Figure 4b.
Subsequently,  the  values  of  the  mean  square  deviations  between  the  mean  velocity 
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Fig.  4.  Dimensionless velocity profiles along  the dimensionless  radius at  the height 




T a b l e  2









LDA/CFD-MRF 17.7 8.4 2.4
LDA/CFD-SM 5.0 3.9 1.9











The  paper  presented  numerical  simulations  results  of  turbulent  flow  of  a  Newtonian 
fluid. The  simulations were  performed  for  the mixing  tank  equipped with  the  PMT  type 
impeller. Three numerical grids with different number of computational cells (79 thousand, 
798 thousand and 2 million cells) were generated for the test system. It was found that the grid 
density  significantly  affects  the mesh quality  and  the modelled velocity field  in  a mixing 






This demonstrates  the significant  influence of  the angular position of  the  impeller against 
baffles on the generated velocity field.
The authors are grateful to Professor Alvin W. Nienow who agreed to use the original LDA data [7].
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